Fallen Rock Ptarmigan (Lagopus mutus) feathers from bird habitats were used to extract DNA and produced a clear PCR band after the second PCR with grousespecific primers. Comparison with chicken and quail revealed that the mitochondrial control regions of the Rock Ptarmigan and Hazel Grouse (Bonasa bonasia) can be divided into three domains:a more conserved segment of the central domain with the F, D, and C boxes and CSB-1, as well as more variable regions of the left and right domains. Only two haplotypes were found in the Japanese Rock Ptarmigan at the 441 bp of the left domain: haplotype LM1 in 21 samples from 4 localities in the Hida mountains and haplotype LM2 in 1 sample from the Akaishi mountains. The same region was analyzed using 36 individuals of Hazel Grouse from Hokkaido, which exhibited 21 substitutions defining 21 haplotypes, indicating that the Japanese Rock Ptarmigan area has very low genetic variability. Palynological study indicated Pinus pumila zone, where is main habitat of the Japans Rock Ptarmigan, would have been scaled down during the early hypsithermal interval. Such a natural environmental change might cause a bottleneck event to the Rock Ptarmigan population, resulting very low genetic variability.
Genetic characteristics
of mitochondrial DNA (mtDNA), which has an almost strictly maternal mode of inheritance and a lack of recombination provide us with a useful analytical tool for estimating genetic divergence among related species (Avise 1986 , Avise 1994 , Avise & Hamrick 1996 . The control region (or D-loop region) evolves four times faster than the remainder of the mitochondrial genome (Quinn & Wilson 1993) , presumably because of a lack of coding constraints, providing useful information on sequence divergence of intraspecific populations.
The entire sequence of mitochondrial DNA from the domestic chicken (Gallus gallus domesticus) was determined by Desjardins and Morais (1990) . The complete sequence of the mitochondrial control region in birds is now known for the Japanese Quail (Coturnix japonica) (Desjardins & Morais 1991) , the Mallard (Anas platyrynchos) (Ramirez et al. 1993) , the Snow Goose (Anser caerulescens caerulescens) (Quinn & Wilson 1993) , the Turnstone (Arenaria  interpres) and Dunlin (Calidris alpina) (Wenink et al. 1994) . These reports indicate that sequence evolution in bird con-trol regions involves conserved domains of short blocks (Desjardins & Morais 1990) , and multiple nucleotide substitutions in hypervariable domains (Wenink et al. 1994 ). The latter are particularly suitable for tracing the phylogeographic histories and population genetic structure of closely related lineages. Wenink et al. (1993) sequenced the mitochondrial control region of shorebird species, inferred a subdivided population genetic structure, and estimated gene flow after a bottleneck.
In this paper we describe the mitochondrial control region sequences of the Japanese Rock Ptarmigan Lagopus mutus japonicus. We compare it with the Hazel Grouse Bonasa bonasia vicinitas from Hokkaido which also belong to the family Tetraonidae, order Galliformes, and with the published sequences of the chicken and the quail of the same order. The habitat of the family Tetraonidae extends northward from the temperate zone of the Northern Hemisphere (Short 1967 ).
The Rock Ptarmigan L. mutus is the species which fits into the coldest climate inhabited by members of the family Tetraonidae, being distributed on mountains of the subarctic zone and tundra of the arctic zone of the Northern Hemisphere. The Japanese Rock Ptarmigan L. m. japonicus inhabits the Hida and Akaishi mountains in central Japan, which form the southernmost fringe of this species range, and has been labeled a remnant alpine subspecies from the glacial epoch. The habit is restricted at the mountain pine forested, and their distribution is isolated at the peak area of these mountains (Fig. 1) . The population size of the Japanese Rock Ptarmigan is estimated at approximately 3,000 individuals (Koiwai 1997). About 2000 individuals were distributed in the Hida mountains, and more than 300 individuals were concentrated at Tateyama locality (Toyama-Raicho-Kenkyukai 1993) . The locality was registered as a natural monument of Japan in 1955 and protection activity thrived afterwards, with the Japanese Rock Ptarmigan being listed as an vulnerable species in the Japanese Red Data List (Japan Environment Agency 1998). The Hazel Grouse B. bonasia is the small species in body size among the family Tetraonidae, being distributed in deciduous broad-leaved tree and coniferous tree forests of the palearctic region. The Hazel Grouse population in Hokkaido is a member of the subspecies B. b. vicinitas which is distributed amongst the forest areas in Far-East, Sakhalin and Korea (Han & Fujimaki 1993) . Hunting statistics indicated that 10,000-12,000 individuals are captured by hunting annually during the hunting season in Hokkaido (Fujimaki & Konishi 1996) .
We also discuss the utility of intraspecific sequence variation in the most rapidly evolving part of the control region for population genetic studies of these grouse species. We show that the quite different population genetic structures between the Rock Ptarmigan and Hazel Grouse are revealed in the pattern and magnitude of their control region sequence variation. These differences likely result from differences in their respective phylogeographic population histories. Genetic diversity analysis and molecular phylogeny of the haplotypes are useful to estimate genetic condition of the local population to determine if the species is endangerd: If they had a high haplotype variation among local populations, it suggests that they maintained reasonable population size during relatively long time, while, if their haplotype variation was very low, it might suggest a bottleneck event in the past.
MATERIALS AND METHODS
Fallen feathers found in the bird habitats were used to extract DNA. The male Rock Ptarmigan is territorial during the mating season, providing a good opportunity to A whole feather or root of the feather was sliced into small fragments with clean scissors, and homogenized in liquid nitrogen. The sample was placed in the 450 u 1 of RSB buffer, 25 u 1 of 10% SDS and 25 u l of 20 mg/ml Proteinase K for the protein digestion, and incubated for 2 hr at 55°C on a rotator. Then nucleic acids were extracted using the IsoQuick Nucleic Acid Extraction Kit (ORCA Research Inc., U. S. A).
To avoid amplifications of contaminated DNA when using the Polymerase Chain Reaction (PCR) method, specific primers for the grouse were designed ( Fig. 2-a) . L16760. rai (5' GACTACGGCTTGAAAAGCCATTGTT GT 3') annealing within the tRNAGlu region and H00683.rai (5' GTTTTCCCAGCTGCGGA TACTTGCATGT 3') annealing at the top of the 12s rRNA region were used to amplify the entire mitochondrial control region. These primers were modified from primers LC16765 and HC01342 (Abe 1996) . AVEL338.rai (5' G CTCGTCGTACCAGATGGATTTATTGATCG 3') and AVEL615.rai (5' GGCTTCTTCACAG GTTGCCCTTCACAG 3') for the L-strand and AVEH476.rai (5' GTGAAAAGTGAGAAAGT TCAGGAGTTA 3') and AVEH 1019.rai (5' TA TGATTTGTGGGTTTTTATGCGGTAGTTT 3') for the H-strand were designed to amplify shorter fragments for the feather samples, on the basis of comparison with the chicken sequence (Desjardins & Morais 1990 (Saitou & Nei 1987 ) and 2 parameter distance (Kimura 1983) were calculated with the BioResearch / SINCA program version 3 (Fujitsu Ltd., Tokyo). Bootstrap analysis was performed with 1,000 replications using the same program.
RESULTS 1) DNA extraction and amplification using feather samples An electrophoresis image of the PCR products from feather samples (Fig. 2-b) showed that DNA extracted from a medium covert sample of 7 mg in weight and 7 cm in length and a short belly feather sample of 2.2 mg in weight and 5 cm in length produced clear PCR bands after the second PCR. Both samples were from museum collections that have been collected more than 5 years ago. The former samples produced a PCR band at a length corresponding to the entire mitochondrial control region (around 1,200 bp), while the latter sample had no bands in the longer fragments, and produced only short fragments of 550 by and 600 bp, suggesting that preservation condition varied in each sample.
2) Structure of the mitochondrial control region Figure 3 shows the nucleotide sequences of the L-strand for the mitochondrial control region in the Rock Ptarmigan (Accession No. AB006673) and the Hazel Grouse (AB 006674), spanning the area between tRNAGlu and tRNAPhe in comparison of those of the chicken (Desjardins & Morais 1990 ) and quail (Desjardins & Morais 1991) . The lengths of the entire control region for the Rock Ptarmigan and the Hazel Grouse were 1,127 bp and 1,135 bp, respectively. Comparison with those of the chicken and quail revealed that the control region for these grouse can be divided into three domains (Ramirez et al. 1993 ): a central domain (305-876 by for the Rock Ptarmigan and 302-873 by for the Hazel Grouse), flanked on both sides by more variable domains, the left and right domains.
Several conserved sequence blocks have been observed in mammals (Walberg & Clayton 1981 , Brown 1986 , Southern et al. 1988 ) and birds. Conserved sequence block-1 (CSB-1, Walberg & Clayton 1981 , Brown 1986 , as recognized in chicken (Desjardins & Morais 1990 ), quail (Desjardins & Morals 1991) , duck (Ramirez et al. 1993 ), goose (Quinn & Wilson 1993) , and dunlin (Wenink et al. 1994) , was identified in the grouse control region. F, D, and C boxes (Quinn & Wilson 1993) were also detected at the central domain in the grouse.
The likely conformation of the secondary structures with a cloverleaf flank structure and a hairpin structure are illustrated in Fig. 4 . The former is located at the Tend of the CSB-1, and the hairpin structure near the Tend of the control region as in the goose and chicken (Quinn & Wilson 1993) .
The mitochondrial control region of all vertebrates analyzed is a noncoding sequence of variable length encompassing the H-strand replication origin and the promoter for the transcription of both the H-and L-strands. The H-strand replication origin is not identified in those grouse. TAS (termination-associated sequences) located between the hairpin structure and the repeat sequence which is in the mallard (Ramirez et al. 1993) were not detected in these grouse. CSB-1 partially overlaps with a region capable of assuming a secondary structure, as indicated in the goose and chicken (Quinn & Wilson 1993) .
CSB-1 like repeat sequences are described by Quinn and Wilson (1993) at the upper region of the F Box, which were assumed to have evolved from the CSB-1 sequence in the left domains of chicken (3 repeats), quail (2 repeats) and goose (2 repeats). Rock Ptarmigan and Hazel Grouse exhibit only one repeat sequence in the left domain. Alignments in these 4 galliforms of the CSB-1 like repeat sequence to about 130 by upstream showed many gaps, maybe due to the repeat sequences of the chicken and quail.
3) Frequency distribution of substitution in the control region To depict the distribution of nucleotide substitutions over the control region sequences, the number of substitutions between the Rock Ptarmigan and the Hazel Grouses were counted for 50-nucleotide intervals (Fig. 5) . Most substitutions between these two species were concentrated in the left and right domains of the control region, outside the central while it is only 6.4% in the central domain.
4) Genetic variation of the Rock Ptarmigan
The 22 feather samples of the Rock Ptarmigan collected from the 5 localities in central Japan had only two haplotypes within 441 by from the top of the control region where most of variable sites appeared.
Haplotype LM1 was found in 4 localities in the Hida mountains: Hakuba (4 samples), Tateyama (14 samples), Harinokidake (2 samples) and Norikura (1 sample). Haplotype LM2 was detected only in 1 sample from Kitadake in the Akaishi mountains. Haplotype LMl and LM2 differes in two substitutions from each other.
A total of 36 individuals of the Hazel Grouse in Hokkaido had 21 substitutions in the same region of 441 by from the top of the control region, defining 21 haplotypes, A to U. These haplotypes are closely related, with most of the differences being due to either a single substitution (52%) or two substitutions (28%). A phylogenetic tree using the 2 haplotypes for the Rock Ptarmigan and 21 haplotypes for the Hazel Grouse detected in this study was generated by the Neighbor-Joining method ( (Wenink et al. 1994) . However, only two haplotypes were found in at the left domains in the control region from 22 samples of the Japanese Rock Ptarmigan. These data show that the left domains is suitable region to analyze local population structure within the species, and that the Japanese Rock Ptarmigan has remarkably low genetic variability. (Abe 1996) . This suggests that bottleneck event can result in a remarkable reduction of haplotype variation, but still sustain a few haplotypes even after the population is reduced to around 10 females. Human impacts on the Japanese Rock Ptarmigan, whose habitat is high mountain area, must not be so serious as crane and other game birds. The Rock Ptarmigan was registered as a protected bird in the Wildlife Preservation and Game Act during the early 1900's, and there were no exact records on decrease in the population due to human impact during the past centuries.
Such a bottleneck event might be caused by a natural environmental change. Habitat of the Rock Ptarmigan is restricted to dwarf stone pine (Pinus pumil) zone which would have been scaled down during the hypsithermal interval. Yoshii (1989) elucidated the vegetational changes in the Tateyama region during the latest Pleistocene and Holocene by palynological study in order to reconstruct fluctuation of the P. pumila zone in the Hida Mountains. During the early Hypsithermal interval from ca. 9,000 to 6,000 yBP, subalpine coniferous components were few, while Fagus and Lepidobalanus increased. This change in pollen spectra suggests that the upward progress of cool-temperate elements during this age. The P. pumila zone were absent in this stage (Yoshii 1988) , and P. pumila would have been restricted at main mountain peaks, or distributed with mosaic Alpine meadow complex. Consequently habitat of the Rock Ptarmigan must be critically reduced at this stage. After this stage, F. crenata stands retreated downward, corresponding with some expansion of the Pinus, Abies and Tsuga distribution. The coverage of the P. pumila zone developed well as same as present.
Since all the feather samples from the Hida mountains showed no differences in mitochondrial haplotype, they might form a single local population. Because the Tateyama is a major breeding habitat for the Hida population, an intensive conservation program for the Tateyama will be effective to maintain the local population of the Hida mountains.
